A total of 11 mistletoe species, eight belonging to five genera in the family Loranthaceae and three species belonging to two genera in the family Viscaceae were documented from 43 host species belonging to 24 unrelated host families along Tribhuvan highway, central Nepal. Wide host range of Scurrula species (Loranthaceae) showed that they were more generalist and successfully parasitized as many hosts as encountered, while Viscaceae mistletoes showed narrow host range and high degree of host specificity since they infected a limited number of hosts. The irregular and patchy distribution of mistletoe along the highway was governed by three major factors: forest structure, site mesoclimate and availability of suitable host species. Marginal fragmented forests located along the warm sunny slopes of highway were found as most suitable habitat. Warmer southern sunny slopes, between Sinbhanjyang to Bahise Dobhan, favoured wider altitudinal distribution range of mistletoe compared to cold and moist northern slopes.
Introduction
Mistletoes are a polyphyletic group of plants and have been considered as highly specialized and most successful group of flowering parasitic plants due to their ability to exploit wide range of hosts. Mistletoes comprise approximately 1306 species (Nickrent, 2002 ) from a broad range of habitats across all continents except Antarctica (Kuijt, 1969; Calder, 1983; Calder and Bernhardt, 1983; Watson and Dallwitz, 1992) . They are reported from a wide range of host plants ranging from forest trees to horticulture trees from Nepal (Devkota and Acharya, 1996; Devkota and Glatzel, 2005; Devkota and Kunwar, 2006) . Johri and Bhatnagar (1972) state that no trees and shrubs have immunity against mistletoe infestation and all of them are equally prone to their infection. Among all mistletoe families, Loranthaceae and Viscaceae have largest number of species ca.900 and ca.350, respectively (Nickrent, 2002) .
Mistletoes have been reported from a wide range of hosts from all over the world and their greatest diversity is found in forests and woodlands (Kuijt, 1969; Calder, 1983; Hawksworth, 1983) . In their extensive compilation list, Barney et al. (1998) reported 452 host species of 44 Our Nature (2010) 8:106-117 families for Viscum album and Hawksworth et al. (1993) reported 401 known hosts of 77 families for Dendrophthoe falcata. Similarly, Devkota and Acharya (1996) reported 46 host species of 25 families from the Kathmandu Valley, Devkota and Glatzel (2005) reported 95 host species of 45 families from the Annapurna Region, and Devkota and Kunwar (2006) reported 69 host species of 38 families from GodawariPhulchowki area of the Kathmandu Valley. Hawksworth (1959) , Ganguly and Kumar (1976) , Zakaullah and Khan (1982) , Xiao and Pu (1988) concluded that temperature and sunlight are the main environmental factors governing mistletoe distribution as they are commonly recorded from warm and sunny areas. Lopez et al. (2002) reported that fragmented forest edges are better habitats for mistletoe growth, similar to the observations of Kuijt (1964) . Mistletoe growth on isolated trees in fragmented forests is favored not only because of increased light but also because of the preferences of many seed disseminating birds for such a kind of habitat. In Kuijt's (1964) observations distribution of mistletoe is limited by environmental factors and is not related to a specific host, which is conflicting with Abulfatih and Emara (1988) observation on host specificity. Devkota and Glatzel (2005) concluded that forest structure, site mesoclimate and zoochoric dispersal are the major determining factors in the distribution of mistletoes in the Annapurna region of Nepal. Kuijt (1969) gives more importance to the bird's behaviour and conclude that distribution entirely depends upon the habits of the birds disseminating the seeds.
Mistletoe diversity from Nepal Himalaya is still incomplete therefore, present study attempts to explore mistletoe diversity, host range and distribution patterns along Tribhuvan Highway in central Nepal. The results of the study will be supplement information on Nepalese mistletoe diversity and will also add inputs for their conservation.
Materials and methods
The study was carried out along Tribhuvan Highway as it provided a great diversity of vegetation types ranging from sub-tropical to upper cool temperate types which changed with elevation and climate on the northern and southern slopes of Mahabharat Mountain range. The inventory was started at Naubise located on northern slope at 945 m and ended at Bhaise Dobhan located on southern slope at 926 m, covering a total distance of 97 km in Makawanpur district in central Nepal. The highest point of the highway passes through Sim Bhanjyang (2518 m) and lies in upper cool temperate region (Fig. 1) represented by Pinus roxburghii, Montane Hill Sal forest (Shorea robusta) and Mixed Broad-leaved forest.
The study was focused to cover a wide altitudinal area for the mistletoe inventory along Tribhuvan Highway. Therefore, the representative areas of various vegetation types were visited extensively to explore mistletoe diversity and host species. Forest trails developed by local people were used to cover maximum possible area for the inventory representing different forest types at different elevations. Undisturbed to moderately disturbed forests and degraded marginal forests along with planted forests; orchards and vegetations surrounding agricultural fields were also visited for this purpose. Necessary consultation was also sought with the Daman Botanical Garden and local people during inventory. Occurrence of all mistletoe species were recorded with their respective hosts along with the ecological circumscription of habitat such as altitude, slope direction, availability of light and moisture, forest type, and their condition during the inventory.
Standard sized mistletoe specimens were collected carefully without endangering their local population, and herbariums were prepared (Devkota and Glatzel, 2005) . Collected mistletoe specimens were identified with the help of available herbariums deposited at KATH and confirmed with the help of field notes and other standard literature. Identification of host plants was based on Hara et al. (1978 Hara et al. ( -1982 , Malla et al. (1976) , Koba et al. (1994) , and Press et al. (2000) . The international Plant Name Index (http://www.ipni.org) was accessed for the taxonomic nomenclature of mistletoe and host species. 
Results and discussion

Mistletoe diversity and host range
A total of eleven mistletoe species, eight belonging to five genera in the family Loranthaceae and three species of mistletoes belonging to two genera in the family Viscaceae were recorded along the Tribhuvan Highway, parasitizing 43 host species belonging to 32 genera in 24 unrelated families (Tab. 1). The results of mistletoe inventory showed similarity with that of previous inventories conducted by Devkota and Glatzel (2005) and Devkota and Kunwar (2006) in Annapurna and Godawari-Phulchowki Areas, respectively. Genus Scurrula was largest having four species within the family Loranthaceae.
Compared to family Viscaceae, family Loranthaceae had a much wider host range and was recorded from 41 host species (Tab. 2). Within the family Loranthaceae, Scurrula species had most number of host species showing generalist pattern, an observation consistent with Barlow (1991) , Devkota and Acharya (1996) in Kathmandu Valley, and Devkota (2003) in Annapurna area. The narrow host range of Viscaceae mistletoes showed a high degree of host specificity as they were recorded from a limited number of hosts of few families despite their occurrence in a heterogeneous host community similar to the result of Devkota (2003) . The narrow host range of Viscaceae mistletoes from the study area could be due to the results of feeding behavior of dispersers as suggested by Kuijt (1969) .
A wide range of host species reported from the study area showed similarity with Ganguly and Pal (1975) , Hawksworth et al. (1993) and Pundir (1995) for Loranthaceae mistletoes.
Distribution
The distribution of mistletoes in natural plant communities is affected by various factors as a result their distribution is never uniform. Especially the microclimatic factors like temperature, exposure to sunlight, and moisture play a significant role in their distribution (Devkota and Glatzel, 2005; Devkota and Kunwar, 2006) . Mistletoes were recorded more commonly from the marginal forests, roadsides and partially disturbed habitats all along the highway showing consistency with the findings of Ganguly and Kumar (1976) , Lopez et al. (2002) and Devkota and Glatzel (2005) . Common occurrence of mistletoes in marginal forests was probably due to suitable habitats provided for mistletoe birds that are important disperser and pollinator species (Ladley and Kelly, 1996) . Distribution of mistletoes along the highway was found to have rather patchy distribution due to the availability of suitable host species that keeps on changing with altitude (Devkota and Acharya, 1996) . Mistletoes were rarely recorded from dense, moist and undisturbed forests as they do not provide suitable habitats for mistletoe bird species.
Occurrence of Berberis aristata, Rubus ellipticus, Viburnum erubescence and V. mullaha in fragmented marginal forest areas, as invasive shrub species, also increase the suitability of the habitat for mistletoe birds by providing an alternate source of food as observed in previous studies by (Devkota and Glatzel, 2005; Devkota and Kunwar, 2006) . It was found that such fragmented forests in mixed broad-leaved forest located between 1000 to 2000 m elevations are better habitats for mistletoes.
Altitude is also one of the important factors in determining the distribution pattern of mistletoes in natural plant communities as shown by the previous studies in different parts of Nepal by Devkota and Glatzel (2005) and Devkota and Kunwar (2006) . Distribution of Dendrophthoe pentandra was confined between 900 to 1300 m on both northern and southern slopes of the study area as the distribution of its suitable host species Schima wallichii was also confined between this elevations. Macrosolen cochinchinensis and Scurrula pulverulenta also showed similar pattern as their hosts were found only on the northern slopes of the study area. Scurrula gracilifolia was distributed at lower elevation in northern slope but was recorded at higher elevation on southern slope due to the distribution pattern of its host species. Visccaceae mistletoe showed the similar pattern of distribution associated with their host species. Except Viscum multinerve (Viscacae), which parasitizes on Shorea robusta, other Viscaceae mistletoes were confined at higher elevation due to the distribution of their hosts.
There was not much difference in the diversity of mistletoe species on northern and southern slopes but compared to northern slope, mistletoes were distributed over a wide altitudinal range on southern slope. Viscum multinerve was absent in the north slope but had nearly 1000 m altitudinal distribution range due to the presence of its suitable host species (Tab. 3) and favorable microclimatic conditions on the southern slope (Fig. 3) . Taxilus vestitus also showed similar pattern and had a wide altitudinal distribution range on the southern slope due to common occurrence of various Oak species as its suitable host (Fig. 3 ). Similar distribution pattern was shown by Scurrula gracilifolia and Dendrophthoe pentandra. Interestingly Scurrula elata did not show any variation in its distribution pattern on either slope. It was observed that suitable microclimatic conditions and availability of host species over a wide altitudinal range have favored the distribution of mistletoes over a wide area on southern slope (Fig. 3 ) similar to the previous observation of Devkota and Acharya (1996) in Kathmandu valley and Devkota and Glatzel (2005) in Annapurna Area. On the northern slope mistletoe species showed much narrow altitudinal distribution range due to unfavorable microclimatic condition having longer cold and moist conditions throughout the year and also due to less availability of common host species as a result of human influence on the local vegetation (Fig. 2) . Scurrula species were recorded from a wide range of host species. This observation gives a clear indication that Scurrula species have the ability to exploit both forest and domesticated plant species and are more successful in establishing itself on a wide range of host species in various types of habitats. Based on mistletoe diversity and their occurrence few potential mistletoe habitats have been identified in entire study area. First one is Naubise (northern slope) and its surrounding area having common occurrence of Dendrophthoe pentandra, Macrosolen cochinchinensis and Scurrula pulverulenta, and the second one is Daman, Simbhanjyang and Aghor areas with common occurrence of S. parasitica, S. elata and Texillus vestitus. These areas provide suitable microclimatic condition and abundance of host species favoring the mistletoe growth.
Regarding the host specificity of mistletoe some general patterns became visible from the present investigation. Few mistletoe species showed permanent association of high preferences towards certain hosts. Dendrophthoe pentandra showed high specificity towards its host Schima wallichii between 1000-1300 m in Naubise area however, infestation decreased with increasing altitude as the host number decreased. Similarly, Texillus vestitus was observed commonly occurring on various Quercus species above 2000 m showing high specificity. Scurrula elata showed low specificity, a pattern consistent with the findings of Barlow (1991) and Devkota and Glatzel (2005) . The remarkable association of Scurrula elata with Rhododendron arboreum and Lyonia ovalifolia at 2000 m was an indication of high preferences towards these two hosts. As in other parts of Nepal reported by Devkota and Acharya (1996) , Devkota and Glatzel (2005) and Devkota and Kunwar (2006) Viscaceae mistletoes showed high degree of specificity since they were recorded only from few hosts.
